Abstract
We have carried out a calculation of 241 levels for Ne-like Ge (Z=36) in order to calculate electron impact collision strengths and effective collision strengths which belonging to1s 2 2s 2 2p 5 nl, 1s 2 2s 1 2p 6 nl (n=3, 4, 5, 6; l=s, p, d, f, g and h) configurations which have been calculated by the fully relativistic flexible atomic code (FAC). Our calculations based on the distorted-wave method with large configuration interactions included. Collision strengths have been generated over an electron energy range of (10 ---20000 eV) and they have been listed at seven representative energies of 65.33, 1714.98, 2944.1, 4868.3, 7564.6, 11040 and 15221eV in this work, and effective collision strengths data have been calculated from these at electron plasma temperatures (650, 850, 1050, 1250, 1450, 1650, 1850) eV. Our results are compared with those available in the literature. It is found that the resonance effects are important in calculating the effective collision strengths. 
------------------------

Introduction
Electron impact collision strengths and effective collision strengths are of fundamental importance in analyzing the physical state and chemical composition of gaseous nebulae and laboratory plasmas. At present it is difficult to obtain such information experimentally; therefore, it has become necessary to rely on the results of quantum-mechanical calculations. The ions of germanium have along been important in astrophysical application but since their recent discovery in the plasma, the general interest in these ions has dramatically increased. Because Nelike ions have a stable closed L-shell ground state, they show high abundance over a wide range of temperatures in ionization equilibrium for each iso-nuclear sequence (see Mazzotta et al. 1998 , Bryans et al. 2006; 2009) [1, 2, 3] . Thus, they attract extensive studies for spectral diagnostic and modeling in astrophysical and laboratory plasmas, and in particular iron, due to its high cosmic abundance. X-ray lasers (Mathews et al. 1985 , Tomasel et al.1997 [4, 5] based on Ne-like ions are another significant area of interest. However, the atomic structure and electron impact excitation (EIE) of Ne-like ions are extremely complex, which results in there being large uncertainties in line intensity ratios (2p 6 1 S 0 , this is usually designated 3C/3D, as well as 3s − 2p vs 3C) between measurements or observations and predictions (Beiersdorfer et al. 2001; 2002 , Gu et al. 2004 ) [6, 7, 8] . For example, even for iron, EIE of this ion has been investigated experimentally and theoretically for a long time (Smith et al. 1985 [9, 10, 11, 6, 7] . Resonances in electron-ion impact excitation have been observed in laboratory measurements (Brown etal. 2006 ) [12] . They play an important role in the spectral diagnostic and modeling of astrophysical and laboratory plasmas. On the other hand, collision strengths for electron impact excitation of Ne-like ions are also affected by the strong configuration mixing. Zhang and Sampson [13] systematically calculated the collision strengths for electron impact excitation to n = 3 and 4 excited levels in Ne-like ions using the fully relativistic distortedwave method. Their calculation showed that the collision strengths for ‫2(‬ ଵ/ଶ ିଵ 3ܵ) ୀଵ The data are compared with those given in Honglin Zhang and Douglas H. [14] .
Theoretical method
The calculations of atomic structure and electron impact excitation have been carried out using the Flexible Atomic Code (FAC) developed by Gu [15] . A fully relativistic approach based on the Dirac equation is used throughout the entire package. In the calculation of atomic structure, the energy levels of an atomic ion are obtained by diagonalizing the relativistic Hamiltonian. An atomic state is approximated by a linear combination of configuration state functions (CSFs) with same symmetry
where, ݊ is the number of CSFs and , ܽ (ߙ) denotes the representation of the atomic state in this basis. The CSFs are anti-symmetrized products of a common set of orthonormal orbitals which are optimized on the basis of the relativistic Hamiltonian. The radial orbitals are derived from a modified Dirac-Fock-Slater iteration on a fictitious mean configuration with fractional occupation numbers, representing the average electron cloud of the configurations included in the calculation. Once the CI wavefunctions have been obtained, the radiative transition rates can be calculated in the single multipole approximation with arbitrary rank. The electron impact excitation has been calculated using the relativistic distorted-wave approximation. Special attention has been paid to the long range contributions to the continuumcontinuum radial integral by using the phaseamplitude method for the continuum wavefunctions. To ensure the convergence of the collision strengths, large angular momentum contributions (the maximum partial waves up to 50) have been taken into account. Higher partial wave contributions have been included using the Coulomb-Bethe approximation [16] . Using the method described above, we calculated the energy levels, spontaneous radiative decay rates , oscillator strengths, and electron impact collision strengths for transitions among the 241 finestructure levels belonging to the1s 2 
Energy levels and oscillator strengths
In this section, we deal with the atomic structure and calculated energy levels and oscillator strengths [17] . The energy levels are calculated with the notation for J-J atomic states corresponding to configurations 1s2 2s2 2p5nl, 1s2 2s1 2p6nl (n=3, 4, 5, 6; l=s, p, d, f, g and h). It calculated by using the fully relativistic atomic structure program FAC (flexible atomic code) adopted from [15] . We calculated the bound states of the atomic system in the configuration mixing approximation, by using a modified selfconsistent Dirac-Fock-Slater iteration to derive the radial orbitals for the construction of basis states. We present here the calculations of the atomic structure and energy levels of a Ne-like Ge. The energy levels of Ge XXIII are given in Table 1 . The levels are placed according to ascending order of their energy. A comparison with the other data is also presented in Table 2 . We concentrate our efforts on calculations of oscillator strengths for the configurations 1s2 2s2 2p5nl, 1s2 2s1 2p6nl (n=3, 4, 5, 6; l=s, p, d, f, g and h). The weighted oscillator strengths gf ୧୨ [15] are given by
where ω is the transition energy , i is the statistical weight of the initial level of the transition (g) and S ୧୨ is the line strength given as
Here, O denotes the spherical multipole operator of rank L representing the interactions of electrons with the electromagnetic field, and ψ ୧ and ψ ୨ are the initial and final states of the transition, respectively. Weighted oscillator strength values are presented in Table 2 . 
Collision strengths and effective collision strengths
The electron impact collision strengths have been calculated for transitions among the 241 levels at electron energies ranging from 10 to 20,000eV. Tables (4) list [14] to calculate the collision strengths for transitions among the lowest 88 levels within the n = 3 and 4 levels using HFS. In Table 3 , we compare our collision strengths with their results at two scattered electron energies of 65.332, and 1714.988 eV. Good agreement is found for the strong dipole-allowed transitions, especially at higher energies, and a maximum deviation about 9% between the two calculations. For some weak and forbidden transitions, however, the difference becomes evident. In the energy range shown above, there are no contributions of resonances. Therefore, the difference should not have been caused by the resonance effect. Recalling that we have included adequate partial wave summation, it cannot be attributed to a limited number of partial waves either. We suggest that the difference should primarily be attributed to the different CI wavefunctions. As mentioned above, inclusion of more CI leads to the decrease of the oscillator strengths, which scales directly to the collision strengths. The collision strength (ߗ ) between an initial state "݅" and final state "݆" is defined in terms of the collision cross section (ߪ ) [18] as
where ݇ ଶ is the channel energy of the continuum electron (Rydberg) and ݆ is the ‫-ܬ‬value of the initial level. In practical applications, one usually needs the excitation rate coefficients in the statistical equilibrium to obtain the populations of the levels. The rate coefficients can be obtained from the effective collision strength, which can be obtained by integrating the collision strength over Maxwellian distribution of electron velocities to give the effective collision strength (ϒ ) [18] :
where ‫ܧ‬ is the final kinetic energy of the electron, ܶ is the electron temperature , and k is Boltzmann's constant. If the collision strengths are assumed to be independent of the incident electron energy, we have ߛ = Ω The integration in Equation (5) should be carried out using energy-dependent collision strengths from threshold to infinity. The collision strengths at higher energies are particularly important for the dipole-allowed transitions, where they grow as ‫.)ܧ(݈݊‬ In the case of the electric quadrupole or magnetic-dipole transitions, the collision strengths are approximately constant, whereas for intercombination transitions they rapidly decrease as 1/E 2 in the asymptotic region. The collision strengths vary smoothly in high-energy region and the energy dependence of collision strengths for high energies can be properly accounted by using extrapolation technique. In astrophysical applications it is convenient to use excitation rate coefficients or thermally averaged collision strengths as a function of electron temperature. The excitation rates are obtained by averaging collision strengths over a Maxwellian distribution of electron energies. The collision excitation rate ‫ܥ‬ in (cm ) [19] can be obtained immediately from ϒ as follows:
Here ߱ is the statistical weight of level ݅ and ‫ܧ‬ is the excitation energy. Tables   Table 1: Comparison of some energy levels for Ge XXIII. 
